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BBenenue
Hacrosimuit noxnan o6o61maer matepuansl myonukaruii /1-3/. pu stom /1 u 3/
ObUIM TIpPEACTaBIEHbl HA COOTBETCTBYIOIIMX CHMIIO3MyMax TOJIBKO B KadecTBe
CTEHJIOBBIX COOOILEHUI U IIUPOKO HE 00CYKIATHUCH.

Co3nanue JOCTOBEPHBIX (M3MYECKUX W HWHKCHEPHBIX MOJIENeH
MOCJIeI0OBaTEILHOCTH Juep-00patHbIil yaap (L-RS) momauum u nporecca mopakeHus
(attachment process) et O0OBEKTOB, B KOTOpblEé OHa TOMAIACT, 3aTPYyIHEHO
HEJOCTATKOM (PAKTUYECKHUX CBEACHUI 00 ONTUYECKOM KapTHUHE CIA00CBETAIINXCS
CTPUMEPHBIX  CTPYKTYp MOJHUHU. AJIbTEPHATUBOW TPAJULIMOHHBIM  OINTHKO-
MEXaHUYECKUM CpEJCTBAM PEruCTpalud M300paKEHUST MOJHHUM SIBJISIOTCS KaMephbl
Ha ocHOoBe DOII /4/. Takue xkamephl MO3BOJIWIM MOJYYUTh HOBBIE PE3yJIbTaThl MPU
UCCJIEIOBAHUM  CTPUMEPHBIX MPOLECCOB  JUIMHOM HUCKpBI, YTO  IO3BOJIMUJIO
chopMyIUpPOBaTh PsAJl TUIIOTE3, OTHOCSIIMXCA K JIUAEPHOMY TIpolieccy MojiHuu /5-7/.

31ech NMPUBOAATCS XapaKTEPUCTUKH KOMIUIEKCA 3JIEKTPOHHO-ONTHYECKOM
anmnapaTtypsbl, MPUCIOCOOIEHHOrO g paboThl ¢ MOJHHEN M JUIMHHOM MCKpOH, a
TAK)K€ TNPEJCTAaBIEHbl  PE3yJbTaTbl €ro MUCHObITaHWM BO  Bcepoccuiickom
OnekrporexunueckomM Huctutyre (BOW) um. B.M. Jlennna npu peructpauuut
JUIMHOW MCKPBI HAa OTKPBITOM BBICOKOBOJIBTHOM cTeH/JI€ B I.McTpa mog MockBoii.

I[HapamMeTpsl annapatypbl U pe:KUMbI €€ NIpUMeHeHU s
Kommieke 31eKTpOHHO-ONTUYECKON ammapaTtypbl COCTOSI M3 TPEX Kamep
(K004M, K008 u ®IOP-14M) u crnenuajbHOrO JBYXKaHAJIBHOTO (HOTOAATUMKA
®J1001 (puc.1 u 2).

[ K008 |

Puc.1. Baemnuit Bua kamep K004M, K008 u ¢potomarunka ®J1001.



JleTanpHBIC XapaKTEPUCTHKN KaMep MPUBEICHBI B TAOHIIE.

Puc.2. O0muii BUs KOMITIIEKCA 3IEKTPOHHO-ONITUYECKON arapaTyphbl.

Tabnuua
1 | Tun kamepbl K004M K008 OHOHP-14M
2 | CunekTpasbHblil 1Mana3oH, HM 250 + 800 400 + 800 400 + 800
3 | Pabouee none porokarona JOII, mm> 8x8 15%20 8x8
4 | Pabouee mone axpana JOII, MMmxMMm:
- TIpY JINHENHOW pa3BEpPTKE 35%16 20x12 35x16
- IPY KaJIpOBOM pa3BEPTKE 28x28 15%20 -

5 | Yucno mukpokananbHbiX maactud (MKII) 2 1 2
6 | Koadpdunuent npeobpazosanus, Br/Br 0-+10° 0-+10* 0-+10°
7 | Yucno nukceneit I13C tenexamepsl 640x480 640x480 13881024
8 | [IpocTtpancTBeHHOE pa3penieHre Ha (OTOKATOAE

OO0II, m.1./Mm 10 12 15
9 | Jluneiinas pa3B&pTKa, MKC/9KpaH 0,35+10* | 2x10°+0,2 1,0 =10

0,2 +6x10°

10 | OnHOKagPOBBI pEXUM, 10%2+0,2

JUIMTENBHOCTD KaIpa, MKC 0,35+ 10* 0,2 +6x10° -
11 | MHOrokaznpoBblil peXuM,

JUTUTEIIbHOCTh KaJipa, MKC 0,1+10 - -
12 | IMay3a MexXIy KaapaMu, MKC 0,5+10° - -
13 | Yucno kaapoB 1,2,4,6,9 1 -
14 | PexxuM CHUKEHMSI YCWIICHUS IPKOCTH eCThb HET €CThb

TPUTTEPHBIX MOJIHUH,

Perucrpanus ocyliecTBIAIaCh OJHOBPEMEHHO BCEMU TpeMsl KaMepamu,
paboraBmiuMu B pa3HbiX pexumax. [Ipum stom kamepa KO004M, paspaboranHas
komnanuen BUDO mns Yuusepcutera Diopuabl CneUUanbHO I PETUCTPALAU

MPpCUMYIICCTBCHHO HCIIOJb30BaJIaCb B MHOI'OKaJApOBOM

pexume, kamepa KOO8 B omHokanpoBoMm, a kamepa ®OP-14M Tonpko B pexume
JIMHEWHOW pa3BEPTKU, MOCKOJbKY APYruX pexuMoB He umena. OcuoBoir ®OP-14M
apisiack kamepa ®OP-14, pazpaborannas u uzrorosnerHHas B0 BHUMODU emé B
1983r /8/. Jlnsg STUX DKCIEPUMEHTOB B H3TOM CTapoil, HO HAAEKHOW Kamepe
doTomnpucraBka Obuta 3ameHeHa coBpemenHoi [13C Tenekamepoi.




HeoOxomumocTh perucrpaiuu OJHOBPEMEHHO HECKOJbKHMHU KaMmepaMu,
paboTalommMu B PA3IMYHBIX ~ pPEKMMax,  OOyCJIOBIIEHA  HECKOJbKUMH
oOcrosiTenbCTBAMU. PeXuUM MOKagpOBOM pErucTpaluy MO3BOJISIET MOJYydYaTh
uHpopManro 00 HcclIeIyeMOM Ipolecce MO JBYM MPOCTPAHCTBEHHBIM
KOOpJIMHATaM, HO TOJBKO B OTJEJIbHBIE JUCKPETHbIE MOMEHTBHI BpeMeHH. Pexum
JUHENHOMN pa3BEPTKU MO3BOJIAET MOTYUYaTh TOIBKO OJHOMEPHYIO MPOCTPAHCTBEHHYIO
uH(pOpMAaIUIO, HO 3aTO HEMPEPHIBHYIO BO BPEMEHH.

SApkocTh H300paXKeHUsi AIEKTPUUECKOTO Mpo00s B JUIMHHBIX BO3IYIIHBIX
IPOMEKYTKax MOABEPKEHA MO MEPE €ro pa3BUTHS OYEHb CUIBHOM (IyKTyaluu
(cMm.,Hanpumep, puc.5a). Iloaromy mpH TOKaAPOBOM pETHCTpPALlMU KOPOTKHE
BCIIBILLIKY B TEYEHUE CTPUMEPHO-IUACPHON CTaIMM MOTYT NonaAaTh B MEKKaPOBBIE
uHTEpBabI (may3sl) (cM. puc.60, kaap Ne6). Ilpu sTom BakHas nHOpMAIUS MOXKET
0Ka3aThCsl MOJIHOCTHIO MOoTepsiHHOW. OHa He OyJeT moTepsHa MpHU perucTpanuu B
pexxume JTMHENHOU pa3BEpTkU. Ho, eciii B Kakue-T0 MOMEHTBI BPEMEHH B Pa3psIHOM
IPOMEKYTKE OJTHOBPEMEHHO BO3HUKHYT PACIIONOKEHHBIE PAIOM JIPYT C IPYrOM JIBE
BCIIBIIIKY WJIM 00JIee, TO HX M300pakeHHs IPH JINHEWHON pa3BEPTKE MOTYT B3aMMHO
HAJIOXKUTHCA U MPOCTPAHCTBEHHAsI MHPOpPMALIMA MOXKET OKa3aThCsl MOTEPSIHHOW WIIN
ucKkax€HHOM. Ilpu OJAHOBpEMEHHOW perucTpanuu JABYMs KaMepamu, OJHa U3
KOTOpPBIX paboTaeT B peXUME MHOTOKAJIpPOBOM, a Jpyras B peXUME JHMHEHMHOU
pa3BEPTKHU, MONy4YEHHbIE HH(OpPMALUMK JAOMOJHSIOT JPYr JApyra U MO3BOJISAIOT
u30exath 3a0myxaeHuil. Kpome Toro, kaHaia MOJHHMM WM paspsia B UIMHHOM
IIPOMEXKYTKE — 3TO HE MpsMasi JIUHUSA, KaK IIEeJIb B CTPUK KaMepe, OpUEHTUPOBAHHAS
NEPHEHINKYJIIPHO HAIpaBJICHUIO pa3BEPTKU. KaHam MMeeT CI0XKHYI0 H3JOMaHHYIO
dopmy. OH WK €r0 OTAETBHBIE YYaCTKH MPH JTUHEHHOM pa3BEPTKE MOTYT UMETh KaK
IOJIOXKUTENIBHYI0, TaK M OTPHULIATEIBHYIO NPOEKIHMI0 HAa Ochb BpeMeHH. He mnmes
ToyHOW wHpopMammu o ¢GopMe KaHaia, a TpU JUHEHHOW pa3BEPTKE OHA B
OOJIBIIMHCTBE CIlyd4aeB OCTAaETCS HEM3BECTHOW, HENb3sl B pe3ylbTaTe 00pabOTKU
(OTOXpPOHOTPaMMBI MOJTYYUTh JTOCTOBEPHBIE JTAHHBIE O CKOPOCTH PacHpOCTpPaHEHUs
cBeueHMs. TOJIBKO B COYETAaHUU C Kamepoil, paboTaromieil B pexxume MOKagpOBOM
perucTpaluy, MOKET ObITh MOJIydeHa TOYHas HH@opMauus o (opMmMe KaHaima U
COOTBETCTBEHHO JJOCTOBEPHBIE TAHHBIE O CKOPOCTH PACTIPOCTPAHEHUS CBEUCHMUSI.

Maxkcumanbhblit K03ppunuenT npeodpazosanus (ycunenue spkoctu) D011 mpu
nByx MKII cocrasiser 10° BT/Bt. DT0 HO3BOJISET PETUCTPUPOBATL M300pa)KEHHE
CTPUMEPHON - 4Ype3BhIYAWHO cilabocBeTslIeics craguu npobdos. brarogaps Tomy,
9TO0 KOA(P(GUIMEHT MpeoOpa3oBaHUsI MOXKHO yYMEHBIIATh B MPOLIECCE PErUCTPALMH
IIOCPEICTBOM UMITYJILCHOI'O CTYIIEHYAaTOr0 CHHKeHUs HarpsbkeHusa Ha MKII, kamepsl
MO3BOJISIIOT TOJYy4YaTh 3a OJMH aKT PETHCTPAllid HOpPMalbHbIE H300paxeHUs u
CTPUMEPHO-IUJIEPHON CTaANU NMPOOOs, U CTAIUU MOCIEAYIONIEr0 MOIIHOTO {yTOBOTO
paspsiaa, IPKOCTH KOTOPBIX OTIMYAKOTCS HA MHOT'O MOPSIKOB.

[IpocTpancTBeHHOe pazpenieHue kamep Ha (orokatone JOII, cocTaBnser He
Menee 10m.Ji./MM. DTO MO KOJMYECTBY paspeliaeMbix B pabodem nojie ¢GoToKaTtoaa
a1eMeHTOB cooTBeTcTBeHHO B 25 (K004M), ~50 (®DP-14M) u ~150 (K008) pa3
Jdy4lle 4YeM Yy M3BECTHOro smnoHckoro mnpudopa ALPS /9,10/ ¢ uucinom IIMH-
dboToanoioB 16x16. BO3MOXHOCTh perucTpanv B yJibTpadrOICTOBOM JHANIA30HE



SIBJIIETCSL TAKXKE CYIIECTBEHHBIM IMPEUMYLIECTBOM JJIEKTPOHHO-ONTHYECKUX KaMmep
nepen ALPS.

s ynpaBneHuss kamepamu ObL1 pa3padOTaH BBICOKOUYBCTBUTEIbHBIN
dboTOoMATUNK, UMEIOIIUN ABA UICHTUYHBIX KaHalla Ha ocHoBe PDY. BxoaHas onrtuka
NO3BOJISIET HABOJAMTH KaXK/Ibli KaHAJT B BEPTUKAIBHOM IJIOCKOCTH Ha TPEOyeMylo
obnacth npoctpaHcTBa. [leprckonuyeckoe yCTpOMCTBO, BCTABISIEMOE MOOYEPETHO B
KOKIBIA KaHAJ, TMO3BOJSAET OCYLIECTBIATh MPULEIBHYK) HAaBOJKY KaHaJOB.
Beixonnoit curnan @DV mocTymaer Ha KOMIApPaTop C PEryJIUPYEMbIM YPOBHEM
cpabaTbIiBaHus U Jajgee Ha (GOpPMHPOBATEIh BBIXOJHBIX MMITYJILCOB. [lepBbIil KaHa
doTomaTyMKa  3amycKaeT ~ KaMmepbl, BTOPOHM TpPH  YBEJIMYEHUU  SPKOCTHU
PETUCTPUPYEMOTO OOBEKTa BBINIE KPUTHUECKOW, MPH KOTOPOM H300pakeHue Ha
BBIXOJIE KaMepbl HAUYMHAET HACBIIIATHCS, 3aIlyCKaeT B KaMepe CXEMy CHUKECHUS
ycuieHus sipkocTu. CTeneHb CHIKEHUS! YCUIIEHUS SIPKOCTH MOKET PETYJIUPOBATHCS B
MIMPOKUX Mpejesiax BIUIOTh A0 mnojHoro 3anupanus OOIl. YyBcTBUTENBHOCTH
KaHaJIOB (DOTOMATUMKA PETYIUPYIOTCS KaK ONTHUKOW — HEHTPAIbHBIMU, IBETHBIMU U
UHTEP(PEPEHIIMOHHBIMU  CBETODHIIbTpaMHU, WIEISIMU U AuadparMam, TaKk U
ANIEKTPOHUKOM - YCTAHOBKOM ypOBHA cpadaThiBaHUSI KOMITapaTopoB. Takum oOpazom,
UMEETCSI BO3MOXHOCTh INPOCTPAHCTBEHHOM, CIEKTPAIbHOM W  aMIUIUTYIHOU
CEJIeKIIMU BXOJIHOTO CUTHaNa (pOToAaTIHKA.

HccnenoBanus IIMHHONW UCKPBI MPOBOJWIIUCH HA BBICOKOBOJIBTHOM CTEHIE
«('MH 6MB» kak B HOYHOE, TaKk M B JHEBHOE BpeMs. (Cxema pacnoJIOkKEHHUs
ocHOBHbIX yacteii«l MH 6MB» noka3ana Ha puc.3.
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Puc.3. Cxema pacnonoxenus ocHOBHbIX yactei «I'MTH 6MB»
Uckpa nnuHoit 10 6 MeTpoB BO30Y:Xajach B MPOMEKYTKAX IBYX KOH(UTYypauui
— CTEPKEHBb-TJIOCKOCTh U CTEPKEHb-CTEPKeHb. Bo BTOpOM cllydae cTepKeHb JJTMHON
~IM ycraHaBauBaJCd Ha IUIOCKOCTh. FICHONB30BAIMCh WUMITYJIBCHl HAIpPSKEHUS
MOJIOKUTEIIbHOW W OTPHUIIATENIbHOM MOMsIpHOCTH ¢ (poHToM 15 m 130 MKc wm
BpemeneM nonycrnana 7500 mkc (= 15+130 / 7500 mkc).

Kommneke peructpupyroiieil anmapatypbl OblJT YCTaHOBJIEH B IyJbTOBOM Ha
paccrosHu 90M OT pa3psAHOTO MPOMEKYTKA. 3aIMyCK KaMep OCYIIECTBIISIICSA TOJIbKO
¢ momomplo ¢doTtomatuynka. B gHEBHOE BpeMs i1 YMEHBIICHUS WU IOJHOTO
UCKITIOUCHUS HETATUBHOTO BIIMSHUS TTOCTOSHHOTO CBETOBOro ¢oHa Ha paboTy
anmnaparypbl MPUMEHSIACh CEJIEKIUs: CHEKTpalibHas JJIsl KaMmep, CIEeKTpajdbHas U
MPOCTPAHCTBEHHAs AJisl poTomarunka. [IpocTpaHCTBEHHAs CENEKIMS 3aKIoUyanach B
TOM, YTO TIOJIe€ 3pEHMs MEePBOro KaHajga (OTOAATYMKA YMEHBIIAJIOCh TaK, 4YTO OH
«BUJZICID» TOJIBKO KOHEI[ CTEpXHs, Ha KOTOphIN nojasanca umnysibc ['MTHa. 910 B
COYETaHUU CO CHEKTPAJIBLHON CeJICKIIUeH (MCIoIb30BaHUEe HHTEpPEepeHITMOHHOTO YD
GuIbTpa) MO3BOJISLUIO COXPAHATH BBICOKYIO UYBCTBUTEIBHOCTh KaHajga U JaXke B
SPKHUI COJIHEYHBIN JIEHb 3alyCKaTh KaMephl OT CJIa00i BCIBIIIKK HaYalbHOM KOPOHBI
Ha KOHIIE CTEPKHSI.

Pe3yabTaThl HCCIe10BaHUHA JJIMHHOU UCKPBI
Ha puc.4 nokazansl 4 kajpa, WUIIOCTPUPYIOIIUX PA3BUTHE OTPULIATEIHHOTO
auaepa B TedeHue ~20MKC B TPOMEXKYTKE CTEP:KEHb-CTEpKeHb. OHHU ClIETaHbI
kamepoit KOO8 B ogHokanpoBoM pexume. cnonb3oBancs JIMHHOGOKYCHBIN



(f=300mm) oOwekTHB U uHTEpPepeHnnonnbiil Gunstp (A=413uMm). Kagpsl oTHOCSTCS
K pa3HbIM paspsgam. Ho 3a cu€t nmocienoBaTeIbHOTO YBETUYCHHS 3aACPKKHU 3aITyCKa
NOJIYYHJIOCh Kak Obl BPEMEHHOE CKaHMPOBaHWE JHUAEPHOro mnpouecca. Kanapel
JEMOHCTPHUPYIOT CIEIYIONINE KapTUHBI: (a) - KaHAI M OTPHUIATEIbHBIE CTPUMEPHI B
Hayaie jaujaepa, (b) - cTymeHb / OTPUIATEIBLHOIO JIWJIepa C MOIIHOW BCHBIIIKOM
CTPUMEPOB, (C) - Tepexo/1 mpolecca B CKBO3HYIO CTPUMEPHYIO (ha3y 3a CUET CIUSHUS
OTPULIATEIILHON W TMOJIOKUTEIBHOM CTpUMEpHBIX 30H, (d) - BcTpedy KaHaJlOB
HUCXO/ISIIIET0 OTPUIATEIEHOTO M BOCXOJISIIIETO MOJIOKHUTEIHLHOTO JTUICPOB.

-2,2MB

130 / 7500mxKc K008
F =300 mm; ®unbtp A=413 um. OmHOKAAPOBBIA PEXKUM. [- CTYIICHB JIAzCpa.

4.5 M

Puc.4. Pazputre oTpuiaTeIbHOTO pa3ps/ia B IPOMEKYTKE CTEPKEHb-CTEPIKEHb.
JueBubie ¢oto (mo3utus). JnutenpHOCTh Kaapa: a,b,c — 2mkc; d — 0,5MKc.

BbLIM poBeIeHbl PErUCTPALIMK U MTOJIOXKUTEIBHOTO JIUAEPA.

HyXHO OTMETHTb, YTO MOJOXHUTEIbHBIA JUAEP B JJWHHOM BO3QYLIHOM
OPOMEKYTKE C  PE3KOHEOJHOPOAHBIM  IIOJIEM  HMCCJIEAOBAJICA BO  MHOTHX
nabopatopusix. CBsi3aHO 3TO € TEM, YTO UMEHHO B TAKUX IIPOMEKYTKaX HAOJII01aeTCs
HauOoyiee HU3Kasl JJIEKTpUYeckas MpodHocTh. Tak B /11-14/ Obui moapoOHO
UCCJIEIOBaHbl KAaK JJIEKTPUUECKHE XapPAKTEPUCTUKH TAKUX TPOMEKYTKOB, TaK U
JUHENHBIE Pa3BEPTKM BO BPEMEHM ONTHUYECKUX KapTUH Pa3BUTHUS JIUJIEPHOTO
npouecca. OAHAKO OJHOBPEMEHHOM PETUCTPALMKM HU300paKeHHs] OAHOIO U TOTO Ke
paspsifia B pexXrMe JIMHEHHON U OKaJAPOBOM pa3BEPTKU CAEIAHO HE OBLIO.

Ha puc.5 mokasaHa kKapTHHa IIOJIOKHUTEIBHOIO paspsia B IPOMEKYTKE
CTEPKEHb-INIOCKOCTD, MOJIy4eHHasl C IOMOIIBIO 3-X KaMep, padoTaBIIUX CUHXPOHHO.
Kamepa O®DOP-14M  3apeructpupoBaia B pEeXUME JIMHEHMHOW pa3BEPTKHU
HENPEPBIBHYIO KapTHHY Pa3BUTHUS pa3psia, HauMHas OT KOPOHbI M KOHYas IYTOi.
Kamepa K004M pana 9-tm KagpoBYIO KAapTHHY pa3BUTHsA pas3psiaa, B 4aCTHOCTH,
DBOJIIOLMIO CTPUMEPHOM 30HBI BIUIOTH [0 Hadyana IOyrd. 9-M Kaap MOJy4WICS



[IEPECBECYECHHBIM, TaK KaK YCTAaHOBJICHHas U1 QYyrOBOM CTaJMM pa3psAla CTEIEHb
CHIKEHHMS YCUJIEHUS SIPKOCTU OKazajiach HejmoctaTtouHou. Kamepa K008 mana onun
KpynHO(OpMaTHBII Kajap, noixydeHHbl yepe3 110Mkc mocne 3amycka kamep @OP-
14M u K004M. On cootBercTByeT 8-My Kanpy kamepbsl KO04M. 3ameTum, 4to auaep
70 TMepexo/ia B JAYTOBYIO CTaJUI0 Pa3BUBAETCSA NMPU TOKE ~ 1A U CBETUTCS OYEHb
cnabo. TeM He MeHee, ¢ MOMOIIbIO BCEX 3-X KaMep €ro KaHajl U CTpUMEpHas 30Ha
XOPOIIIO PETUCTPUPYIOTCS Aaxke ¢ paccTossHud 90 MeTpoOB.

+ 2MB, 130/7500MKc a) DIP-14M F= 85mm, PCIKUM JIMHENHOMN Pa3BCPTKHU
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Kanp 5,5 Mkc, nay:«:a 10,5 MKc. Kanp 6 mkc, 3anepxka 110 Mxc.

Puc.5. Cunxponsslie (oTo (HeraTu) pa3BUTHS MOJIOKUTEIBHOTO JIUIEPa B IPOMEXKYTKE
CTEPKEHb-INIOCKOCTD, OJyUYE€HHBIE TPEMsI KaMepaMu JJIs OTHOTO M TOTO K€ pa3psija.

Ha pwuc.6 npuBeeHB! THTUYHBIC KAPTUHBI TTOJIOKHUTEIBHOTO pa3psaa B pa3HbIX
cragusax. [Ipu stom kaupel 7-96 3adukcupoBaid AYTrOBYIO CTaIui0 paspsiga 0e3
NIEPECBETKH U300PAKEHUSI.
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Puc.6. Kamepa K004M: TunuuHble KapTUHBI (HEraTHUB) Pa3BUTHUS MOJIOKUTEIBHOTO
pas3psiia npu umiyinbce HampspkeHus + U=2MB, 130/ 7500mkec.

Ha puc.7 npuBeneHbl TUTTMYHBIE KAPTUHBI (TTO3UTUB) PA3BUTHUS MOJOKUTEITHEHOTO
auepa, cAellaHHbIe B KpymHOM (opmate ¢ momortsio kamepsl KOOS.

55m  ooeo--

é
Plane a) 0) B)

Puc.7. Kamepa KOO8: TunnuHbIle KAPTUHBI PA3BUTHS MOJOKUTEIBHOTO JIUIEpa MPU
umiysbce Hanpspkenus +130/7500mkc, U=2MB (no3uTuBHOE H300pakeHue,
JUTUTEIILHOCTH KaJipa 6MKC). CHUMKH OTHOCSITCS K Pa3HbIM pa3psiiaM: a) - Havalo,
0) - cepeauHa, B) - KOHEII JIUJICPHOMN CTaIUH.

OOpaboTka MaccuBa TaKMX CHUMKOB MOKa3bIBAET, YTO B Hayajle yCTOMYMBOIO
Pa3BUTHS MTOJOKUTEIIBHOTO JIUJAEpa JIMHA €T0 CTPUMEPHOM 30HBI COCTaBIAET ~1,5M,
B CEpPEAVMHE NPOMEXKYTKAa ~ 2M, B KOHIE ~ 2,5M. DTH JAaHHBIE COOTBETCTBYIOT
JAHHBIM, TTOTy4YeHHBIM B /11/.

HyXHO OTMETHUTH, YTO Ha CHUMKaX, clelaHHbix Kamepoi K004M (puc.56 u
puc.6), cTpuMepHas 30Ha B Hayajie JBUKEHUS JIMJAEpa BBIMJISIUT KaK KOHUYECKas
obnacte ¢ yrinom npu Bepmmbe nourd 180°. OgHako CHUMKM ¢ Gojiee BBICOKUM
POCTPAHCTBEHHBIM pa3pellieHrueM, MOJydeHHbIE ¢ moMoIIbio kKamepsl KOO8 (puc.5B
u 7), MOKa3bIBAIOT, YTO 3TO MPOUCXOIUT H3-32 MPOCTPAHCTBEHHOI'O HAJIOXKEHUS



CTPUMEPHBIX 30H OJJTHOBPEMEHHO Pa3BUBAIOIINXCS IBYX U 0OJiee JTUACPHBIX KaHAJIOB,
KOTOpbIE BOCHPHUHHUMAIOTCA IPU HEJOCTATOYHOM MPOCTPAHCTBEHHOM pa3pelIeHUN
KaK eJuHas CTpUMEpHas 30HAa. OTH M3MEpPEHUs IO3BOJSIIOT YTBEPKIATh, YTO
CTPUMEPHAs 30HA OTAEIBHOTO MOJIOKHUTENBHOIO JIUIEPHOTO KaHala B TEUEHHUE BCETO
BPEMEHU €ro ABWKEHUS B IPOMEKYTKE MMEET KOHHYECKYI0 (OpMYy C YIJIOM MpHU
BepIIMHE, Beeraa MeHpumm 900,

Ha puc.5a u 5B 3apukcupoBaHO YCKOpPEHHE JBMXKEHUS JUIACPHOTO KaHalla B
cepelMHe MPOMEKYTKA. YBeJIMYEeHHE JUITMHBI KaHalla Ha puc.5B cocraisier ~0,6M 3a
6Mkc. [Ipu 3TOM cpenHIO CKOpPOCTh JIBHM)KEHHS KaHalla Ha 3TOM Yy4YacTKe MOXKHO
OLIEHUTH BEJIMYUHOMN, HE MeHbIIEN yeM 10°M/c.

Oco0o0 cienyer oTMETUTD, YTO ¢ romoIbio kKamepsl KOO8 /15/ yaanocs nony4uTsb
OUYCHb YETKYIO ONTHYECKYI0 KapTHHY KaHajla TMOJIOKHUTEIBHOTO JIHIEPa C BHICOKUM
IPOCTPAHCTBEHHBIM pa3penieHrueM (puc.5B v 7). DTO, B YaCTHOCTH, IO3BOJIUJIO
U3MEpPUTh ONTHYECKUI THaMeTp KaHaja, KOTOPBIA OKa3aJiCs HEOKUJAHHO OOJIBIINM,
GIyKTyHpYIOUIM OT pa3psana K paspany oT 10 1o 20cm.

BriBOALI
[Io pe3ynpTaTaM NMPOBEIECHHBIX DKCIIEPUMEHTOB MOKHO CHEJATh CIEAYIOLIUE
BBIBO/JIbI:

1. Onrrhueckass KapTUHA PA3BUTHUS MOJOKHUTEIBHOTO JUAEpPA B MCCIEAOBAHHOM
POMEKYTKE MPAKTUYECKH OJUMHAKOBA I HUMITYJILCOB ¢ (GpoHTOM 15 u
130MKc.

2. CrpuMepHass 30Ha KaXJAOr0 OTAEJIBHOTO  TOJIOKUTEIBHOIO  JIWJEpa
IpeCTaBiIsgeT co00l 00acTh B BHJE KOHYCA, YroJl TIPH BEPIIMHE KOTOPOTO
HUKOra He npepbimaet 90°.

3. OnTuyeckuil TUaMeTp MOJIOKUTEIBHOrO JIMAepa Ha BCEH JIJIMHE MPOMEXKYTKa
MPAKTUYECKA OJWHAKOB, JIGKUT B aumanazoHe 10-20cm u Quykryupyer ot
paspsnaa K paspsany. lIpu aToM spkocTh KaHana auaepa He CHIIBHO OTJIMYAETCs
OT SIPKOCTH CPEAHEN YaCTU €ro CTPUMEPHOU 30HBI.

4. B mpouecce NBWKEHHS MOJOXKUTEIBHOTO JHUAepa 3a(UKCUPOBaHbI OBICTpHIE
WU3MEHEHHUS JUIMHBI €70 KaHajla, KOTOPBIE IPOUCXOIAT CO CKOPOCTBIO HE MEHEE
10°m/c.

5. 3aKOHOMEPHOCTU  Pa3BUTHUS OTPHUIATENBHOrO Juaepa OoJee CIOXKHBI YeM
MOJIOKUTEIIBHOTO U TPEOYIOT OTAEIBHOTO TIIATEIIBHOTO UCCIEIOBAHUS.

3akirouenue

Jna  perucrpanuy MOJHUMA IPEANOYTUTENBHBIM IPEICTABIIETCA PEXKUM
OJTHOBPEMEHHOTO MCHOJb30BaHUs 3-X KaMep, MOJAOO0HBIA H300paKEHHOMY Ha pHC.S.
[Ipu peructpauuu eCTECTBEHHOM MOJHHHM MpoOieMol OyAeT «ImoiMaTh»
IPOCTPAHCTBEHHOE OKHO C HYXKHBIM YYaCTKOM U HY>KHOW BpEMEHHOH (pa30ii MOJHHH.
Cutyanuss  CyIIECTBEHHO YNPOIIAETCS IPU PETUCTPALUM TPUITEPHOM MOJIHMH,
HIDKHAS 4aCTh KaHajla KOTOPOM KECTKO IPUBA3aHA K ONPEHACIEHHOMY MECTy, a
¢opma KaHama 1O BBICOTHI B HECKOJIBKO COTEH METPOB H3JOMaHa CYIECTBEHHO
MEHBIIIE YEM B CJIy4ae €CTECTBEHHOW MOJIHUMU.
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